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ABSTRACT

Purpose: To evaluate tongue pressure, self-perception of swallowing, and whether tongue pressure is correlated 
with self-perception of swallowing in individuals undergoing total laryngectomy. Methods: Cross-sectional 
study with two groups – with and without total laryngectomy, matched by age and sex to individuals with 
total laryngectomy. Participants had their tongue tip and dorsum pressure measured and self-assessed their 
swallowing with the Swallow Outcomes After Laryngectomy questionnaire (SOAL). Results: The sample 
totaled 26 participants, 13 from each group. The mean maximum tongue dorsum pressure was 41.2±18.7 and 
27.9±9.3 kilopascals, respectively, in the groups with and without total laryngectomy (p = 0.03). The median 
maximum tongue tip pressure was 33.7 (23.8-49.3) and 29.1 (22.5-35.7) kilopascals, respectively, in the groups 
with and without total laryngectomy (p = 0.29). The median SOAL was 6 (2.5-8.5) points in the group with total 
laryngectomy. The SOAL score was not statistically significantly correlated with tongue tip pressure (r = -0.17; 
p = 0.58) or dorsum pressure (r = -0.30; p = 0.31). Conclusion: Individuals with total laryngectomy had higher 
tongue dorsum pressure, although there was no difference in tongue tip pressure between individuals with and 
without total laryngectomy. Tongue pressure was not correlated with self-assessment of swallowing, although 
tongue tip pressure was correlated with dorsum pressure in individuals with total laryngectomy.

RESUMO

Objetivo: Avaliar a pressão de língua, a autopercepção da deglutição e se existe correlação entre a pressão 
de língua e a autopercepção da deglutição em indivíduos submetidos à laringectomia total. Método: Estudo 
transversal, constituído por dois grupos: com laringectomia total e sem laringectomia total (pareado por idade 
e sexo aos indivíduos com laringectomia total). Os participantes foram submetidos à mensuração da pressão de 
ponta e de dorso de língua; e à autoavaliação da deglutição, por meio do questionário Swallow Outcomes After 
Laryngectomy (SOAL). Resultados: A amostra totalizou 26 participantes, sendo 13 de cada grupo. As médias 
da pressão máxima de dorso de língua foram 41,2±18,7 e 27,9±9,3 kilopascal, respectivamente, nos grupos com 
e sem laringectomia total (p=0,03). As medianas da pressão máxima de ponta de língua foram 33,7 (23,8-49,3) 
e 29,1 (22,5-35,7) kilopascal, respectivamente, nos grupos com e sem laringectomia total (p=0,29). A mediana 
do SOAL foi 6 (2,5-8,5) pontos no grupo com laringectomia total. Não houve correlação estatisticamente 
significativa entre a pontuação do SOAL e a pressão de ponta (r=-0,17; p=0,58) e de dorso (r=-0,30; p=0,31) de 
língua. Conclusão: Indivíduos com laringectomia total apresentam maior pressão de dorso de língua, apesar 
de não haver diferença na pressão de ponta de língua entre indivíduos com e sem laringectomia total. Não há 
correlação entre a pressão de língua e a autoavaliação da deglutição, embora haja correlação entre a pressão de 
ponta e de dorso de língua de indivíduos com laringectomia total.
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INTRODUCTION

Individuals with advanced laryngeal or hypopharyngeal cancer 
may require surgical treatment, such as total laryngectomy (TL), 
with or without radiotherapy or radiochemotherapy(1). TL is the 
resection of the entire laryngeal framework and requires the 
definitive separation of the digestive tract from the respiratory 
tract, resulting in the loss of laryngeal voice and possible changes 
in swallowing(1,2).

Dysphagia in individuals undergoing TL has a highly 
variable prevalence and may require significant changes in 
diet and lifestyle(3). Considering the importance of monitoring 
signs and symptoms of dysphagia for clinical practice, several 
studies have investigated the self-assessment of swallowing in 
these individuals(2-4). Studies in Brazilians have mainly used 
instruments to assess quality of life(5-7) that were not developed 
specifically for TL patients. Therefore, they do not always highlight 
relevant aspects related to swallowing in these individuals(4). 
The Swallow Outcomes After Laryngectomy questionnaire 
(SOAL) has been recently translated and adapted to Brazilian 
Portuguese, allowing the identification and monitoring of 
swallowing disorder symptoms specifically in the population 
undergoing TL(8).

The standard TL procedure includes resection of the entire 
larynx, infrahyoid muscles, and hyoid bone(2). Since several 
tongue muscles are connected to the hyoid bone(9), it can be 
assumed that these individuals’ tongue pressure will change. 
In addition, TL causes anatomical and physiological changes 
in the pharyngeal structure and movement(10), which can lead 
to increased resistance of the neopharynx to the flow of the 
bolus. During swallowing, the bolus is transferred from an 
area of   high pressure to an area of   low pressure; hence, the 
possibility of modifying tongue pressure in these individuals can 
be reconsidered to overcome the resistance of the neopharynx. 
Some researchers support this hypothesis, revealing a difference 
in tongue base pressure in individuals undergoing TL(11).

The literature highlights that these individuals have 
compensatory tongue movements(10), reduced posterior tongue 
base movement, and a compensatory increase in pressure in this 
region to propel the bolus through the neopharynx(12). However, 
it is not clear whether there is a difference in tongue tip and 
dorsum pressure between individuals with and without TL. 
Furthermore, few studies have investigated tongue pressure 
in individuals undergoing TL. Therefore, this study aimed to 
assess tongue tip and dorsum pressure, describe self-assessment 
of swallowing with a specific instrument for TL patients, and 
verify whether tongue pressure is correlated with self-assessment 
of swallowing in individuals undergoing TL.

METHODS

This study was approved by the Research Ethics Committee 
of the Clementino Fraga Filho University Hospital (HUCFF) 
under evaluation report number 5.603.176. Participants agreed 
to participate in the study and signed an informed consent form.

This cross-sectional observational study was carried out 
at HUCFF’s speech-language-hearing (SLH) outpatient clinic 
between April 2023 and January 2024.

The inclusion criteria for the study group were adults 
undergoing TL and followed up at HUCFF’s SLH outpatient 
clinic. The exclusion criteria for the study group were individuals 
with neurological disease, cognitive or behavioral changes 
that prevented them from performing the study procedures, 
craniofacial malformation, or other head and neck surgery.

The inclusion criteria for the comparison group were adults 
not undergoing TL, matched by sex and age to the study group. 
Individuals undergoing treatment at the voice outpatient clinic 
and family members of patients undergoing SLH therapy at 
the same hospital were invited to join the comparison group. 
The exclusion criteria for the comparison group were individuals 
at risk for dysphagia (e.g., neurological diseases, craniofacial 
malformation, and head and neck surgery or radiotherapy), risk 
of dysphagia (cutoff score > 3) identified by the Oropharyngeal 
Dysphagia Screening in Older Adults (RaDI, in Portuguese)(13), 
and cognitive or behavioral changes that would prevent them 
from performing the study procedures. The TL patients at the 
study institution are older adults. Hence the study used the 
RaDI, which is appropriate to assess the risk of dysphagia in 
the comparison group, matched to the study group and likewise 
composed of older people.

An SLH pathologist investigated the groups’ inclusion 
and exclusion criteria through electronic medical records and 
interviewed participants regarding their health conditions.

An SLH pathologist performed the study procedures, 
measuring the participants’ tongue tip and dorsum pressure, 
collecting physical and anthropometric data (sex, age, weight, 
height, and body mass index), and FOIS level(14). They applied 
the SOAL(8) and collected clinical information (disease staging, 
treatment modalities, and time since surgery) from the study 
group participants’ medical records, and applied the RaDI(15) 
to the comparison group.

Tongue pressure was measured with a lip and tongue pressure 
biofeedback device (PLL Pro-Fono), extracting the mean pressure 
(in kilopascals – kPa) in the maximum tongue pressure task. 
The measurement was taken on two parts of the tongue – first 
on the anterior part, and then on the tongue dorsum. To measure 
tongue tip pressure, participants were instructed to hold the 
bulb with one hand, insert it completely into the oral cavity, and 
position it on the tip of the tongue. Then, they were instructed 
to press the air bulb against the palate (alveolar region) with the 
tip of the tongue with as much force as possible for 3 seconds. 
To measure tongue dorsum pressure, they were instructed to 
hold the bulb with one hand, insert it completely into the oral 
cavity, and position it on the medial tongue dorsum. They were 
then instructed to press the air bulb against the hard palate 
with the back of the tongue with as much force as possible for 
3 seconds. Three tongue pressure measurements were taken with 
a 30-second interval between measurements. The average of the 
three measurements of the tongue tip and dorsum recorded by 
the equipment was considered for data analysis, in accordance 
with the method used by other researchers(16).
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The sample size was calculated through a pilot study with 
part of the population of interest, considering an α = 0.05 and a 
test power (1-β) = 0.80, estimated by the tongue dorsum pressure 
measurements. The number required was 28 individuals, with 
14 in each group.

Data were analyzed using the SPSS program. Categorical 
data were presented as absolute and relative frequency, while 
numerical data were presented as mean and standard deviation, 
in the case of data with normal distribution, or as median 
and interquartile ranges, in the case of data without normal 
distribution. Data normality was verified using the histogram 
and the Shapiro-Wilk test.

Pearson’s chi-square test or Fisher’s exact test compared 
categorical data between groups in cases of cells with a frequency 
lower than five. The independent samples t-test compared 
numerical data between groups in cases of parametric test 
indication, and the Mann-Whitney test, in cases of nonparametric 
test indication. The parametric test was indicated because the 
premise of normal data distribution was satisfied in both groups. 
The homogeneity of variance was verified using the Levene 
test. The Spearman correlation test was used for correlation 
analysis, due to the indication of a nonparametric test. The level 
of statistical significance was set at 5% (p < 0.05).

RESULTS

Two of the 15 TL patients included in the study were excluded, 
one due to glossectomy and the other due to a diagnosis of 
dementia. The final sample comprised 13 participants in the 
study group and 13 in the comparison group. The total RaDI 
score in the comparison group ranged from 0 to 2 points, with 
a median of 0 (0-1.5) points. All participants in the study group 
were TL, and none underwent pharyngolaryngectomy.

The participants’ characteristics are shown in Table 1. There 
was no statistically significant difference in their characteristics 

or in the FOIS level between the groups. Regarding the disease 
staging in the study group, the tumor extension ranged from 
T2 to T4. The metastasis in regional lymph nodes ranged from 
N0 and N3. No participant had distant metastasis.

The total SOAL score in the study group ranged from 0 to 
10 points, with a median of 6 (2.5-8.5) points. The frequency 
and intensity of swallowing disorder symptoms, reported by 
participants through the SOAL, are shown in Figure 1. The most 
frequent symptoms were related to items 9 (“Do you need 
to drink liquid to help the food go down?”), present in eight 
participants, and 1 (“In your opinion, do you currently have a 
problem swallowing?”), 5 (“Do you have trouble swallowing 
hard/dry foods [bread rolls, cookies?]”), 7 (“After you swallow, 
do you feel like food gets stuck in your throat?”), and 11 (“Do 
you avoid certain foods because you cannot swallow them?”), 
present in seven participants. The most intense swallowing 
disorder symptoms reported were related to items 5 (“Do you 
have trouble swallowing hard/dry foods (bread roll, cookies?”) 
and 12 (“Do you take a long time to eat a meal?”), reported 
by three participants, followed by items 9 (“Do you need to 

Table 1. Characteristics of study group and comparison group participants

Characteristics
Study group Comparison group Total

p
(n = 13) (n = 13) (n = 26)

Male 12 (50%) 12 (50%) 24 (100%) 0.760a

Age (years) 67.4 ± 6.9 66.7 ± 7.1 67.0 ± 6.9 0.804b

Weight (kg) 69.0 ± 12.3 80.4 ± 16.4 74.7 ± 15.3 0.056b

Height (m) 1.72 ± 0.12 1.70 ± 0.08 1.71 ± 0.10 0.617b

BMI (Kg/m2) 23.9 (20 – 26.2) 26.2 (23.5 – 30.2) 25.6 (21.5 – 27.6) 0.050c

FOIS level 7 (6 – 7) 7 (7 – 7) 7 (7 – 7) 0.101c

Neck dissection 13 (100%) - - -

Radiotherapy 11 (84.6%) - - -

Chemotherapy 2 (15.4%) - - -

Time since surgery (months) 17 (6.5 – 28.5) - - -

Alaryngeal voice

- esophageal voice 9 (69.2%) - - -

- electronic larynx 2 (15.4%) - - -

- tracheoesophageal voice 2 (15.4%) - - -
Values are presented as relative and absolute frequencies, mean ± standard deviation, or medians (interquartile range). aFisher´s exact test; bIndependent samples 
t-test; cMann-Whitney test
Caption: BMI = body mass index

Figure 1. Frequency and intensity of swallowing disorder symptoms
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drink liquid to help the food go down?”) and 17 (“Do you feel 
embarrassed eating with other people?”), pointed out by two 
participants. SOAL item 3 (“Do you have trouble swallowing 
thickened liquids [creamy soup, smoothies]?”) was the only 
one not scored (0 points) by any participant.

The groups’ tongue tip and dorsum pressure measurements 
are presented in Table 2. There was a statistically significant 
difference in tongue dorsum pressure between the groups, although 
there was no difference in tongue tip pressure between them.

The correlation assessment between tongue pressures and the 
self-assessment of swallowing in the study group is presented 
in Table 3. There was no statistically significant correlation 
between tongue pressure measurements and the self-assessment 
of swallowing, although there was a moderately strong positive 
correlation between the tongue tip pressure and the tongue 
dorsum pressure.

DISCUSSION

This study measured and compared tongue tip and dorsum 
pressure in individuals with and without TL. It also described 
the self-assessment of swallowing of individuals undergoing 
TL and analyzed whether their tongue pressure measurements 
were correlated with the self-assessment of swallowing.

The results reveal that individuals submitted to TL had greater 
tongue dorsum pressure than those without TL. On the other 
hand, as other researchers, this study did not find a statistically 
significant difference in tongue tip pressure between individuals 
with and without TL(17).

Other studies measured the maximum tongue tip pressure 
in individuals with TL, corresponding to 44.1±11.3 kPa(9) and 
50.6 (95% CI 45.1-56.1) kPa(2) – measurements higher than those 
found in this study. However, these studies used the IOPI, which 
determines the maximum pressure (peak pressure) achieved, 
unlike the PLL instrument used in this study, which determines 
the average tongue pressure during the maximum pressure task.

The tongue is a fundamental structure for swallowing. 
Besides its important role in the oral phase, its action is decisive 
for performing the pharyngeal phase. The approximation of the 
base of the tongue to the posterior pharyngeal wall is crucial 
for generating pharyngeal pressure and efficient direction of 
the bolus(18). However, individuals undergoing TL may present 

impairment of the posterior movement of the tongue base(12). 
Therefore, the greater tongue dorsum pressure found in this study 
in TL patients may be a compensatory adjustment developed 
because of the anatomical and physiological changes in the 
swallowing function caused by the surgery.

Furthermore, one can consider the importance of tongue 
dorsum pressure for introducing air into the esophagus to 
acquire esophageal voice, the most used method in this study 
population. Thus, the increase in tongue dorsum pressure in these 
individuals may also be an adjustment for learning esophageal 
voice. A study found no difference in tongue strength between 
TL patients proficient in esophageal voice and individuals 
without TL(17). However, it was found that TL patients who 
use the electronic larynx may have less tongue strength than 
individuals without TL(19).

Our results revealed a moderate positive correlation between 
tongue tip pressure and tongue dorsum pressure in TL individuals 
– i.e., the higher the tongue tip pressure, the higher the tongue 
dorsum pressure. This result is easily explained by the fact that 
these anatomical portions are structurally dependent since they 
belong to the same anatomical structure. Therefore, individuals 
with greater pressure in one portion of the tongue are expected 
to have greater pressure in another portion of this same structure.

The SOAL score ranges from 0 to 34 points, and higher scores 
indicate greater self-reported problems related to swallowing(4). 
One study found a mean score of 8.6 in individuals with a normal 
diet and 18.3 in individuals with a modified diet or without 
an oral diet(4). According to Govender et al.(20), an individual 
without adverse characteristics on videofluoroscopy would 
have a predicted score of approximately 5 points on the SOAL. 
The median SOAL found in the participants of our study was 
slightly higher (6 points), which indicates that a considerable 
portion of these individuals have symptoms related to difficulty 
in swallowing, but they may not have adverse characteristics 
on videofluoroscopy. Furthermore, our results revealed a lower 
SOAL score than that found in other studies, with a mean of 
11.3±7.6(4) and 13.6 (95% CI 10.8-16.3) points(2), indicating a 
worse result in the self-assessment of swallowing in these other 
studies. One reason that may justify this difference is the time 
of treatment for the disease, as the late effects of radiotherapy, 
such as fibrosis and stenosis, may negatively impact swallowing 
function. While our participants had a median of 17 months after 
surgery, the other studies had a median of 39(4) and 47 months(2). 
Another possible justification for this difference is the fact that 
the participants in our study underwent speech therapy, which 
may help reduce symptoms of swallowing disorders.

In agreement with the literature, most participants in this 
study reported symptoms related to difficulty in swallowing, 
mainly associated with the need to drink liquids to help the food 
go down(3). Moreover, difficulty swallowing hard or dry foods, 

Table 3. Correlation between tongue pressure and self-assessment 
of swallowing

Tongue pressure Dorsum pressure SOAL score

Tip pressure r = 0.665; p = 0.013 r = - 0.168; p= 0.583

Dorsum pressure - r = - 0.303; p = 0.314
Spearman correlation test

Table 2. Comparison of tongue pressure between groups

Pressure (kPa) Study group Comparison group Total p

Tongue dorsum 41.2 ± 18.7 27.9 ± 9.3 34.6 ± 16.0 0.034a

Tongue tip 33.7 (23.8 – 49.3) 29.1 (22.5 – 35.7) 30.0 (23.2 – 40.8) 0.287b

Values are presented as mean ± standard deviation or medians (interquartile range). aIndependent samples t-test; bMann-Whitney test
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food stuck in the throat, and avoiding certain foods because 
they cannot swallow them were also very common symptoms 
in our population. These symptoms corroborate the findings of 
other researchers(2-4) and were expected since the anatomical 
and physiological changes after TL predispose them to present 
residue in the neopharynx(21). According to the literature, 
the increase in the size and viscosity of the bolus implies an 
increase in pharyngeal residue in TL patients(22). On the other 
hand, symptoms related to difficulty swallowing liquids, thick 
liquids, and pureed or soft foods were absent or less frequent 
in our population, in agreement with other studies(2,4).

Despite our hypothesis that individuals with lower tongue 
pressure could have worse self-assessed swallowing scores, 
this study found no correlation between the measurement of 
tongue pressure and the self-assessed swallowing score in TL 
individuals. Corroborating these data, other researchers found no 
difference in peak tongue base pressure between TL individuals 
with and without symptoms of dysphagia(22).

This study has limitations due to the small sample size. 
Therefore, there may have been a type II error in the analysis of 
the comparison of tongue tip pressure between individuals with 
and without TL and the correlation between tongue pressure and 
self-assessment of swallowing in TL individuals. Furthermore, 
this study did not consider the surgical closure technique used 
in the participants, which may interfere with the biomechanics 
of swallowing(22) and, consequently, in the aspects evaluated 
in this study.

CONCLUSION

The pressure measurements of the tongue dorsum and 
tip in TL study participants reached, on average, 41 kPa and 
34 kPa, respectively. It can be concluded that these individuals 
have higher tongue dorsum pressure than individuals without 
TL, although there was no difference in tongue tip pressure 
between individuals with and without TL participating in this 
study. Furthermore, tongue pressure was not correlated with 
self-assessment of swallowing in TL individuals in this study, 
although tongue tip pressure was correlated with tongue dorsum 
pressure in them. Most of these individuals had symptoms of 
swallowing disorders related to the need to ingest liquids to help 
transport the bolus, difficulty swallowing hard or dry foods, 
the sensation of food stuck in the throat, and the need to avoid 
some foods due to swallowing difficulties.

REFERENCES

1. Kouka M, Beckmann L, Bitter T, Kaftan H, Böger D, Büntzel J, et al. 
Oncological and functional outcome after laryngectomy for laryngeal and 
hypopharyngeal cancer: a population-based analysis in Germany from 
2001 to 2020. Sci Rep. 2024;14(1):7761. http://doi.org/10.1038/s41598-
024-58423-x. PMid:38565603.

2. Neijman M, Hilgers F, van den Brekel M, van Son R, Stuiver M, van der 
Molen L. Dysphagia after total laryngectomy: an exploratory study and 
clinical phase II rehabilitation trial with the Novel Swallowing Exercise 
Aid (SEA 2.0). Dysphagia. 2024;9(5):916-36. http://doi.org/10.1007/
s00455-024-10673-7. PMid:38558177.

3. Maclean J, Cotton S, Perry A. Dysphagia following a total laryngectomy: 
the effect on quality of life, functioning, and psychological well-being. 

Dysphagia. 2009;24(3):314-21. http://doi.org/10.1007/s00455-009-9209-0. 
PMid:19290578.

4. Govender R, Lee MT, Drinnan M, Davies T, Twinn C, Hilari K. Psychometric 
evaluation of the Swallowing Outcomes After Laryngectomy (SOAL) 
patient-reported outcome measure. Head Neck. 2016;38(Suppl 1):E1639-
45. http://doi.org/10.1002/hed.24291. PMid:26613682.

5. Queija DS, Portas JG, Dedivitis RA, Lehn CN, Barros APB. Swallowing 
and quality of life after total laryngectomy and pharyngolaryngectomy. Rev 
Bras Otorrinolaringol (Engl Ed). 2009;75(4):556-64. http://doi.org/10.1016/
S1808-8694(15)30496-1. PMid:19784426.

6. Pernambuco LA, Oliveira JH, Régis RM, Lima LM, Araújo AM, Balata 
PM, et al. Quality of life and deglutition after total laryngectomy. Int 
Arch Otorhinolaryngol. 2012;16(4):460-5. http://doi.org/10.7162/S1809-
97772012000400006. PMid:25991974.

7. Algave DP, Mourão LF. Qualidade de vida em laringectomizados totais: 
uma análise sobre diferentes instrumentos de avaliação. Rev CEFAC. 
2015;17(1):58-70. http://doi.org/10.1590/1982-021620158413.

8. Anjos LMD, Silva FTMD, Pernambuco L. Translation and cross-cultural 
adaptation of the Swallow Outcomes After Laryngectomy (SOAL) 
Questionnaire for Brazilian Portuguese. CoDAS. 2021;33(4):e20200018. 
http://doi.org/10.1590/2317-1782/20202020018. PMid:34133613.

9. Sanguanchom M, Keskool P, Sureepong P, Ongard S. Assessing tongue 
strength and swallowing function following hyoid bone resection 
surgery. Ear Nose Throat J. 2023;22:1455613231191019. http://doi.
org/10.1177/01455613231191019. PMid:37608452.

10. Ogawa A, Koganemaru S, Takahashi T, Takemura Y, Irisawa H, Goto 
K, et al. Swallow-related brain activity in post-total laryngectomy patients: 
a case series study. Prog Rehabil Med. 2023;8(0):20230026. http://doi.
org/10.2490/prm.20230026. PMid:37663527.

11. Mcconnel FMS. Analysis of pressure generation and bolus transit during 
pharyngeal swallowing. Laryngoscope. 1988;98(1):71-8. http://doi.
org/10.1288/00005537-198801000-00015. PMid:3336265.

12. Anjos LM, Ferreira TES, Pernambuco L. Biomecânica da língua durante 
a deglutição após laringectomia total: revisão integrativa. CoDAS. 
2021;33(6):e20200102. http://doi.org/10.1590/2317-1782/20202020102. 
PMid:34190810.

13. Magalhães HV Jr, Pernambuco LA, Cavalcanti RVA, Silva RGD, Lima KC, 
Ferreira MAF. Accuracy of an epidemiological oropharyngeal dysphagia 
screening for older adults. Gerodontology. 2022;39(4):418-24. http://doi.
org/10.1111/ger.12613. PMid:34913514.

14. Crary MA, Mann GD, Groher ME. Initial psychometric assessment of a 
functional oral intake scale for dysphagia in stroke patients. Arch Phys Med 
Rehabil. 2005;86(8):1516-20. http://doi.org/10.1016/j.apmr.2004.11.049. 
PMid:16084801.

15. Magalhães HV Jr, Pernambuco LA, Cavalcanti RVA, Lima KC, Ferreira 
MAF. Validity evidence of an epidemiological oropharyngeal dysphagia 
screening questionnaire for older adults. Clinics (São Paulo). 2020;75:e1425. 
http://doi.org/10.6061/clinics/2020/e1425. PMid:31939561.

16. Ramos VF, Silva AF, Degan VV, Celeste LC, Picinato-Pirola M. Lip and 
tongue pressure and the functionality of oro-facial structures in healthy 
individuals. J Oral Rehabil. 2023;50(10):991-1001. http://doi.org/10.1111/
joor.13531. PMid:37282365.

17. Dworkin JP, Hartman DE, Keith RL. Tongue strength Part I: following 
total laryngectomy. Laryngoscope. 1980;90(4):680-4. http://doi.
org/10.1288/00005537-198004000-00017. PMid:7359988.

18. Doeltgen SH, Francis R, Daniels SK, Kaur H, Mohammadi L, Murray J. 
Behavioral interventions targeting base of tongue to posterior pharyngeal 
wall approximation: a scoping review. Dysphagia. 2023;38(3):768-84. 
http://doi.org/10.1007/s00455-022-10519-0. PMid:36163399.

19. Hartman DE, Dworkin JP, Keith RL. Tongue strength. Part II: in artificial 
alaryngeal speech. Laryngoscope. 1980;90(5 Pt 1):867-70. http://doi.
org/10.1288/00005537-198005000-00019. PMid:7374318.

20. Govender R, Lee MT, Davies TC, Twinn CE, Katsoulis KL, Payten CL, et al. 
Development and preliminary validation of a patient-reported outcome measure 
for swallowing after total laryngectomy (SOAL questionnaire). Clin Otolaryngol. 
2012;37(6):452-9. http://doi.org/10.1111/coa.12036. PMid:23039924.

https://doi.org/10.1038/s41598-024-58423-x
https://doi.org/10.1038/s41598-024-58423-x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38565603&dopt=Abstract
http://doi.org/10.1007/s00455-024-10673-7
http://doi.org/10.1007/s00455-024-10673-7
https://doi.org/10.1007/s00455-009-9209-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19290578&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19290578&dopt=Abstract
https://doi.org/10.1002/hed.24291
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26613682&dopt=Abstract
https://doi.org/10.1016/S1808-8694(15)30496-1
https://doi.org/10.1016/S1808-8694(15)30496-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19784426&dopt=Abstract
https://doi.org/10.7162/S1809-97772012000400006
https://doi.org/10.7162/S1809-97772012000400006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25991974&dopt=Abstract
https://doi.org/10.1590/1982-021620158413
https://doi.org/10.1590/2317-1782/20202020018
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34133613&dopt=Abstract
https://doi.org/10.1177/01455613231191019
https://doi.org/10.1177/01455613231191019
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37608452&dopt=Abstract
https://doi.org/10.2490/prm.20230026
https://doi.org/10.2490/prm.20230026
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37663527&dopt=Abstract
https://doi.org/10.1288/00005537-198801000-00015
https://doi.org/10.1288/00005537-198801000-00015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3336265&dopt=Abstract
https://doi.org/10.1590/2317-1782/20202020102
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34190810&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34190810&dopt=Abstract
https://doi.org/10.1111/ger.12613
https://doi.org/10.1111/ger.12613
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34913514&dopt=Abstract
https://doi.org/10.1016/j.apmr.2004.11.049
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16084801&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16084801&dopt=Abstract
https://doi.org/10.6061/clinics/2020/e1425
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31939561&dopt=Abstract
https://doi.org/10.1111/joor.13531
https://doi.org/10.1111/joor.13531
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37282365&dopt=Abstract
https://doi.org/10.1288/00005537-198004000-00017
https://doi.org/10.1288/00005537-198004000-00017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7359988&dopt=Abstract
https://doi.org/10.1007/s00455-022-10519-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36163399&dopt=Abstract
https://doi.org/10.1288/00005537-198005000-00019
https://doi.org/10.1288/00005537-198005000-00019
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7374318&dopt=Abstract
https://doi.org/10.1111/coa.12036
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23039924&dopt=Abstract


Carminati et al. CoDAS 2025;37(3):e20240185 DOI: 10.1590/2317-1782/e20240185en 6/6

21. Rahayu Rarasati R, Herawati Juniati S, Yusuf M. Conformity between 
modified Swallowing Outcome After Laryngectomy questionnaire 
and Flexible Endoscopic Evaluation of Swallowing in laryngeal 
carcinoma patients after total laryngectomy. J Public Health Res. 
2022;11(4):22799036221127624. http://doi.org/10.1177/22799036221127624. 
PMid:36310823.

22. Maclean J, Szczesniak M, Cotton S, Cook I, Perry A. Impact of a 
laryngectomy and surgical closure technique on swallow biomechanics 

and dysphagia severity. Otolaryngol Head Neck Surg. 2011;144(1):21-8. 
http://doi.org/10.1177/0194599810390906. PMid:21493382.

Author contributions
NC contributed to data collection, data analysis, writing and reviewing the 
manuscript; GSD contributed to data collection, data analysis, writing and 
reviewing the manuscript; MPB contributed to the conception, guidance, data 
analysis, writing and review of the manuscript.

https://doi.org/10.1177/22799036221127624
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36310823&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36310823&dopt=Abstract
https://doi.org/10.1177/0194599810390906
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21493382&dopt=Abstract

